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1RZDGD\V IRRGDQGSKDUPDFHXWLFDO LQGXVWULHVDUH LQFUHDVLQJO\ LQWHUHVWHG LQ WKHSURGXFWLRQRI
ELRDFWLYH LQJUHGLHQWV IURP QDWXUDO VRXUFHV 7KHUH LV D JURZLQJ LQWHUHVW IRU UHFRYHU\ RI VPDOO
FRPSRXQGV PROHFXODU ZHLJKW EHORZ N'D IURP QDWXUDO FRPSOH[PHGLD HJ SODQW H[WUDFWV
DJULFXOWXUDO UHVLGXHV RU PDULQH SURGXFWV GXH WR WKHLU GLYHUVH ELRDFWLYH SURSHUWLHV VXFK DV





PDULQH SURGXFWV E\ DSSO\LQJ HOHFWURPHPEUDQH SURFHVVHV 7KH VWXGLHV DUH EHLQJ SHUIRUPHG
ZLWKPRGHOVROXWLRQVFRQWDLQLQJWDUJHWFRPSRXQGVVRPHH[DPSOHVDUHSUHVHQWHGLQ7DEOH
7KHZRUN LQFOXGHVXQGHUVWDQGLQJ RI WKHPDVV WUDQVIHUEHKDYLRURI D WDUJHW FKDUJHGELRDFWLYH









FRQVLVWLQJ RI WZR FKDPEHUV EHWZHHQ ZKLFK WKH PHPEUDQH ZDV SODFHG ZDV XVHG LQ WKHVH
VWXGLHV7KHUHFHLYLQJVROXWLRQFRQWDLQHGGLIIHUHQWFRQFHQWUDWLRQVRI1D&O0HPEUDQHVRUSWLRQ
FKDUDFWHULVWLFVZHUH DOVR H[DPLQHG LQ GHGLFDWHG WHVWVZLWK*$DTXHRXV VROXWLRQV LQ DEVHQFH





LQ WKH IHHGFRPSDUWPHQW S+EHORZJDOOLFDFLGZDVSUHVHQWPRVWO\ LQ LWVQRQGLVVRFLDWHG
IRUP 7KXV WKH WUDQVSRUW RI *$ DQLRQV WKURXJK WKH PHPEUDQHV FRXOG EH DWWULEXWHG WR *$
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GLVVRFLDWLRQ LQVLGHWKHPHPEUDQHZKHUHWKH+FRQFHQWUDWLRQ LVH[SHFWHGWREH ORZHUWKDQ LQ
WKHEXON VROXWLRQGXH WR WKH'RQQDQH[FOXVLRQ HIIHFW'HSURWRQL]HGJDOOLFDFLG VSHFLHVZKLFK
SDVVWKURXJKWKHPHPEUDQHDUHSURWRQL]HGLQWKHUHFHLYHUVROXWLRQPDNLQJLWPRUHEDVLF$YHU\
KLJK DIILQLW\ RI JDOOLF DFLG WR ERWKPHPEUDQHVZDV REVHUYHG GXULQJ WKH LQGHSHQGHQW VRUSWLRQ
H[SHULPHQWVZLWKDVWURQJHUGHJUHHRILQWHUDFWLRQIRU1HRVHSWD$;()LJ+RZHYHULQWKH
SUHVHQFH RI VRGLXP FKORULGH *$ VRUSWLRQ ZDV ORZHU GXH WR WKH KLJKHU VHOHFWLYLW\ RI WKH
PHPEUDQHVIRU&OWKDQ*$DQLRQV6LQFHERWKPHPEUDQHVKDYHIL[HGDON\ODPPRQLXPJURXSV
ZLWKVWURQJK\GURJHQGRQRUSURSHUWLHV WKH IRUPDWLRQRIVWDEOHFRPSOH[HVZLWKJDOOLFDFLG 2+








)LJ  'HSHQGHQFH RI JDOOLF DFLG  FRQFHQWUDWLRQ LQ PHPEUDQHV
ZLWKLWVEXONFRQFHQWUDWLRQDWHTXLOLEULXP

'XULQJSUHOLPLQDU\HOHFWURGLDO\VLV WHVWVSHUIRUPHG LQFRPPHUFLDO LQVWDOODWLRQ 0HJD&]VRPH
WUDQVSRUWRIJDOOLFDFLGWKURXJKWKHDQLRQH[FKDQJHPHPEUDQHVZDVGHWHFWHG+RZHYHULWZDV
IRXQG WKDW *$ ZDV FRPSOHWHO\ UHPRYHG IURP WKH GLOXDWH VROXWLRQ PRVWO\ GXH WR PHPEUDQH
VRUSWLRQ VLQFH WKH UHFRYHU\ LQ WKH FRQFHQWUDWH FRPSDUWPHQWV ZDV VLPLODUO\ ORZ IRU ERWK
PHPEUDQHV$QRWKHUREVHUYHGSUREOHPZDVDUHODWLYHO\KLJKZDWHURVPRWLFWUDQVSRUWHVSHFLDOO\
IRU1HRVHSWD$;(GXHWRLWVRSHQPDWUL[VWUXFWXUH
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&RPSDULQJ'RQQDQGLDO\VLV LQGLIIXVLRQFHOODQG LQ('FHOOVLPLODUFRQFHQWUDWLRQSURILOHVZHUH





,Q FRQFOXVLRQHOHFWURPHPEUDQHSURFHVVLQJVKRZVSRWHQWLDO IRU*$VHSDUDWLRQ0RUH GHWDLOHG
LQYHVWLJDWLRQ LQYROYLQJQRYHOPHPEUDQHPDWHULDOVSURYLGLQJHQKDQFHGVHOHFWLYLW\ IRU WKHWDUJHW
FRPSRXQG DQG RYHUFRPLQJ WKH FRQVWUDLQWV RI XVLQJ DQLRQH[FKDQJHPHPEUDQHV LV FXUUHQWO\
EHLQJHYDOXDWHG
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